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INTRODUCTION 
A new insecticide must undergo extensive study before it can be 
used with safety by the general public. These studies usually include: 
(1) determination of toxicity to insects, including both harmful and bene­
ficial species, (2) toxicity to plants, (3) acute oral toxicity to warm­
blooded animals, (4) chronic toxicity to warm-blooded animals, (5) 
secretion of the insecticide or its metabolites in cow's milk when the 
insecticide is consumed by dairy cows, (6) chemical and physical 
properties, and (7) development of analytical methods suitable for 
detecting very small amounts of the insecticide and its metabolites. 
All of these topics, except perhaps nos. 2 and 3, are directly related to 
the over-all problem of pesticide residues on agricultural crops. This 
problem is receiving a great deal of attention, principally because of a 
recently enacted amendment (P. L. 518, 83rd Congress) to the Federal 
Food, Drug, and Cosmetic Act of 1938. This amendment prescribes 
procedures for establishing safe residue tolerances of pesticides in and 
on raw agricultural products. 
Thiodan, 6, 7, 8, 9, 10, 10-hexachloro-I, 5, 5a., 6, 9, 9_a-hexahydro-
6, 9-methano-2, 4, 3-benzodioxathiepin-3-oxide (see formula II, page 10), 
is an experimental, heterocyclic, sulfur-containing, cyclodiene insecti­
cide developed by Farbwerke Hoechst AG. in Germany. This compound 
was selected for study because it could be used for a wide range of 
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experiments, including some of the topics listed above. Furthermore, 
the unique seven-membered ring and stereoisomerism of Thiodan pre­
sented additional areas for research investigations. Thiodan has been 
tested for the control of various insect pests in the United States of 
America during 1956 and 1957. 
The present work describes some chemical, biological, and residue 
dissipation studies with Thiodan. Included in these studies are the final 
step in the synthesis of Thiodan, separation of two Thiodan isomers, 
toxicity of Thiodan to the house fly (Musca domestica L. ) and to the 
white rat (albino form of the Norway rat, Rattus norvégiens (Erxleben)), 
and the dissipation of Thiodan residues on corn treated for control of 
the European corn borer, Pyrausta nubilalis (Hbn. ). 
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REVIEW OF LITERATURE 
The cyclodiene insecticides, including chlordane, heptachlor, 
aldrin, dieldrin, endrin, isodrin, and toxaphene, are highly chlorinated 
cyclic hydrocarbons with characteristic " endomethylene bridged" 
structures (Metcalf, 1955). All of these insecticides except toxaphene 
are produced by the Diels-Alder diene reaction (Metcalf, 1955). Little 
is known of the mode of action of these compounds except that all of 
them appear to affect adversely the nervous system of animals. Davidow 
and Radomski (1953) have shown that dogs convert heptachlor to 
heptachlor-epoxide and that this epoxide is stored in the fat. A similar 
conversion takes place in house flies (Perry^). It has recently been 
reported that aldrin is converted to dieldrin in the animal body (Bann 
_et al. , 1956); dieldrin is the epoxide of aldrin. The epoxides of hepta­
chlor (heptachlor-epoxide) and aldrin (dieldrin) are more toxic to 
animals than their respective precursors. The acute, oral LDgO values 
of the cyclodiene insecticides to the white rat range from about 10 to 
600 mg. of toxicant per kg. of rat body weight (Metcalf, 1955). 
Chlordane, the first cyclodiene insecticide discovered, was reported 
and its insecticidal properties investigated by Kearns et al. (1945). 
^Perry, A. S. 1958. Savannah, Ga. The metabolism of heptachlor 
by resistant and susceptible house flies. Private communication. 
Cyclodiene insecticides have been used extensively for the control of 
grasshoppers, cotton insects, household insects, as soil insecticides, 
and for other purposes (Metcalf, 1955). 
Finkenbrink (1956) reported that Thiodan consisted of two isomers 
with distinctly different melting points but of similar insecticidal activity. 
No information, however, was given on the method of separating the two 
isomers from the technical material. The separation of the two isomers, 
as well as other chemical and biological data, were reported by Lindquist 
and Dahm (1957). This latter publication constitutes the chemical and 
biological experiments described here. 
It has been reported that Thiodan has shown promise in controlling 
a large number of insect species (Finkenbrink, 1956). Romer (1957) 
studied the toxicity of Thiodan to the American cockroach, Periplaneta 
americana (JL. ), and the Colorado potato beetle, Leptinotarsa decem-
lineata (Say). Roussel and Glower (1957) reported Thiodan was ineffec­
tive in controlling a chlorinated hydrocarbon insecticide-resistant strain 
of the boll weevil, Anthonomus grandis Boh. Cowan et al. (1957) 
reported that Thiodan showed promise in controlling the boll weevil and 
the bollworm, Heliothis zea (Boddie). Thiodan also has been effective 
in controlling the cabbage looper, Trichoplusia ni (Hbn. ), on cotton 
(Parencia et al. , 1957) and the cyclamen mite, Steneotarsonemus pallidus 
(Banks), on strawberries (Allen et al. , 1957). Guyer et al. (1957) 
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reported poor control of the maggot complex on spinach with Thiodan. 
Thiodan has shown some promise in controlling the European corn 
borer (Fairchild^). 
There are two primary methods of estimating pesticidal residues: 
(1) chemical or physical assays and (2) biological assays. Gunther and 
Blinn (1955) review the problems and present many procedures for 
chemical and physical analysis of insecticides and acaricides. Schechter 
and Hornstein (1957) review recent developments in chemical and physical 
methods of pesticidal analysis. The principles and techniques of pesti­
cidal bioassay are reviewed by Sun (1957}. It is quite common for 
residues to be estimated by both a chemical or physical method and by 
a biological method; the two methods are used to check each other. 
The use of granulated insecticides for control of the European corn 
borer is a recent development. Cox jet al. (1956a, 1956b) report that 
granulated insecticide formulations are equal to or somewhat better than 
water emulsion formulations for controlling the European corn borer. 
Fahey et al. (1956) states that the whorl of DDT-treated corn plants has 
more residue when treated with a DDT granulated formulation than when 
treated with a DDT emulsion formulation. . The whorl is the principal 
site of action of an insecticide applied to corn plants for first brood 
^Fairchild, M. L. 1957. Ames, I-owa. Information on the control 
of the European corn borer with Thiodan. Private communication. 
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European corn borer control (Thompson, 1953). These two factors 
probably account for the effectiveness of granulated formulations in 
controlling the European co^n borer. Emulsion treatments deposit 
much more residue on. the leaves of the corn plant than granular treat­
ments (Fahey et al. , 19S6). This author also reports that applications 
of DDT granules to corn result in much less initial DDT residues on the 
corn plants than do applications of DDT emulsion sprays. Lower resi­
dues of DDT are found on corn plants immediately after treatment, at 
ensilage time, and at stover time from granulated DDT treatments 
than from either suspension or emulsion treatments with DDT (Fahey, 
1957). No published data on Thiodan residues are known to the author. 
The application of statistics to entomological problems has increased 
within the past few years, particularly for the analysis of bioassay data. 
Bliss (1957) reviewed some aspects of bioassay and included the appli­
cation of statistics. Finney (1952) and Berks on (1953) have devised 
statistical methods for analyzing bioassay data. The method developed 
by Berkson (1953) was used in the work reported here. 
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MATERIALS AND METHODS 
Chemical Experiments 
Before beginning the biological and residue dissipation experiments 
it was desirable to establish certain chemical information concerning 
Thiodan. Technical Thiodan is a brown, macrocrystalline solid. It 
was purified by use of activated carbon^ and r eery stabilizations from 
95% ethyl alcohol. Separation of the Thiodan isomers from technical 
grade and purified Thiodan was effected by column chromatography. 
The glass column was 20 mm. (O. D. ) by 250 mm. ; the bottom was 
equipped with a stopcock and the top expanded to provide an approxi­
mately 250 ml. reservoir. Aluminum oxideheated for 4 hours at 
200° C. to insure activation, was used as the adsorbent. A piece of 
glass wool was placed in the bottom of the tube to hold the adsorbent. 
A column of aluminum oxide, about 180 mm. long, was placed in the 
glass chromatographic tube and about 50 ml. of carbon tetrachloride 
were passed through the column. Saturated solutions containing 2. 5 to 
3 Obtained from the Niagara Chemical Division, Food Machinery 
and Chemical Corporation, Middleport, New York. 
^Darco activated carbon, grade G-60, Darco Dept. , Atlas Powder 
Co. , New York, N. Y. 
5 Alcoa activated alumina, grade F-20, mesh 80-200, Aluminum 
Co. of America, Pittsburgh, Penna. 
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5 g. of technical or purified Thiodan were poured into the tube and 
allowed to enter the adsorbent. The column was eluted with 100 to 150 
ml. of carbon tetrachloride followed by 100 t'o 150 ml. of benzene. In 
preliminary experiments the column was eluted further with acetone and 
absolute ethyl alcohol. The eluates were collected in 10- or 20-ml. 
fractions at a rate of 2 to 4 ml. per minute. The solvents in each 
fraction were evaporated and closely related fractions were combined 
and recrystallized from 95% ethyl alcohol. Comparisons of melting 
points (determined with thin-walled, capillary melting point tubes) and 
infrared spectra^ (run on v„ Baird Associates, infrared spectrophotometer, 
Model B, No. 127) of the isomers isolated by these procedures were made 
with those of authentic samples of the isomers (stereochemistry undesig­
nated) . Elemental analyses of carbon, hydrogen, and chlorine and 
molecular weight determinations of the purified isomers were obtained 
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also. 
Descending, reversed-phase paper chromatography was utilized to 
separate the Thiodan isomers and Thiodan alcohol , 1,4, 5, 6, 7, 7-hexa-
chloro-2, 3-bis(hydroxymethyl)-bicyclo- jz. 2. lj heptene-5 (formula I, 
^The infrared spectra were obtained through the courtesy of the 
Institute for Atomic Research, Iowa State College. 
^The elemental analyses and molecular weight determinations were 
performed by Clark Microanalytical Laboratory, Urbana, Hi. 
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page 10). The immobile phase was a silicone compound, Dow Corning 
O 
550 Fluid , and the mobile phase was a 3:1 mixture of 95% ethyl alcohol 
and water. Strips of Whatman No. 1 filter paper, 1 inch wide, were 
dipped into a 5% solution (W/V) of the silicone in diethyl ether and the 
ether allowed to evaporate. The chromatograms were developed for 5 
to 6 hours at a temperature of 80+2° F. , during which time the solvent 
front advanced from 20 to 25 cm. The Thiodan isomers and Thiodan 
alcohol on the strips, after development, were detected by the forma­
tion of silver chloride according to the method of Mitchell (1953). 
Ultraviolet spectra of purified Thiodan (10"^ M in methyl alcohol), 
the two Thiodan isomers (10"^ M in methyl alcohol), and Thiodan 
alcohol (10~^ M in 95% ethyl alcohol) were run on a Beckman, Model 
DU, spectrophotometer with an ultraviolet attachment. Infrared 
spectra of the same compounds were run also. 
Thiodan (II) was synthesized by refiuxing millimole quantities of 
Thiodan alcohol (I) and thionyl chloride (SCCl^) for 1 to 2 hours. The 
quantities of reactants are included in Table 2 under Results and 
Discussion. In some cases 3 ml. of benzene were used to assure better 
mixing of the reactants. The products of these syntheses were recrys-
tallized from 95% ethyl alcohol and compared with purified technical 
A product of Dow Corning Corp. , Midland, Mich. 
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CH2OH 
-f- S0C12 
CHOOH 
S-»0+2HCl 
(I), Thiodan alcohol (H), Thiodan 
Thiodan in the following ways: melting point, column and paper chroma­
tography, and infrared spectra. 
The Thiodan alcohol used in these experiments was prepared by 
acid hydrolysis of technical Thiodan. Since Thiodan apparently consisted 
of two isomers, it was desirable to establish whether there were also 
two isomers of Thiodan alcohol. The two Thiodan isomers separated by 
column chromatography were hydrolyzed with hydrochloric acid to their 
respective alcohols. These alcohols were reacted with thionyl chloride 
in an attempt to obtain again their respective Thiodan isomers. The two 
alcohols and the products of the syntheses were compared with each 
other and with purified Thiodan and Thiodan alcohol by melting point 
determinations, paper chromatography, and infrared spectra. 
Biological Experiments 
Technical Thiodan, purified Thiodan, and the two Thiodan isomers 
were tested for insecticidal activity using 3- to 4-day-old female house 
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flies of a non-resistant strain. The response of the flies to ]D,_p'-DDT, 
1,1, 1-trichloro-2, 2-bis(p-chlorophenyl)ethane, was used for comparison. 
The flies were reared according to standard Chemical Specialties 
Manufacturers Association procedures (Anonymous, 1956). The female 
flies were treated topically on the ventral thoracic region with 1 ;al. of 
an acetone solution of the toxicant, using a 1 ;ul. pipette. Control flies 
were treated with 1 jul. of acetone. The flies were reared and held 
after treatment at 80+2° F. and 40 to 45% relative humidity. To facilitate 
handling during treatment the flies were immobilized with carbon 
dioxide. The treated flies were held in 1-pint, cylindrical cardboard 
cartons with screen tops. Cotton pads soaked in an aqueous sugar solu­
tion were placed on the screen tops to feed the flies. The mortality of the 
treated and control flies was recorded 24 hours after treatment. Mori­
bund flies were counted as dead. Abbott!s(1925) formula was used to 
correct the tests for mortality of the control flies. Four dose levels of 
each toxicant were tested, using a minimum of three tests of 50 flies 
or four tests of 20 flies at each level. The results of these tests have 
been expressed as the average per cent mortality at each dose level 
and were plotted as dosage-mortality curves. The curves were fitted by 
eye. 
The acute, oral toxicity of purified Thiodan to white rats was esti­
mated by administering a corn oil solution of the chemical to male 
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white rats (Sprague-Dawley strain), approximately 2 months old, and 
weighing between 250 and 325 g. The rats were lightly anesthetized with 
diethyl ether to facilitate dosing. The urine and feces of several treated 
rats were collected and extracted with carbon tetrachloride and/or 
diethyl ether fcr metabolism studies. 
Residue Dissipation Experiments 
The residue dissipation experiments were designed to: (1) study 
the dissipation of Thiodan residues on corn plants, (2) compare the 
dissipation of Thiodan on corn treated with a Thiodan water emulsion 
and a Thiodan granular formulation, and (3) compare three methods of 
analyzing Thiodan residues. 
The doses, types of applications, and times of application used for 
the Thiodan residue dissipation studies were the same as those used for 
first brood, European com borer control at the state and federal 
cooperative European Corn Borer Laboratory near Ankeny, Iowa. The 
field corn used in these studies was Iowa 4297, drilled April 26, 1957 
on the Iowa State College experimental farm near Ankeny, Iowa. The 
corn was 3 to 4 ft. tall when treated. 
A Thiodan water emulsion, prepared from a 24. 2% Thiodan emulsi-
fiable concentrate (containing 2 lbs. of technical Thiodan per gallon)^ 
was applied at a rate of 1. 5 lbs. of actual Thiodan per acre in a spray 
volume of 10 gallons per acre at a pressure of 40 lbs. per square inch. 
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A high-clearance sprayer was used which treated four rows of corn 
simultaneously; the nozzle arrangement consisted of two 65° flat, fan-
type nozzles side by side over each row (Fahey et al. , 1953). 
Five per cent Thiodan granules^ were applied at a rate of 20 lbs. 
per acre, equivalent to 1. 0 lb., of actual Thiodan per acre, with a high-
clearance, fiLuted-feed, granular applicator (Lovely et al. , 1956). Two 
rows of corn were treated at a time with this machine. The two formu­
lations were not applied at the same rate because the rates of application 
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suggested by the supplier were followed. 
The emulsion and granular treatments were each applied to one 
block; a block consisted of 1.6 adjoining 100-ft. rows of corn. Each 
block was divided into four, 4-row plots of corn. Therefore, each treat­
ment was applied to four, 4-row plots of com in a block. The two blocks 
were separated by a clear strip of ground about 20 ft. wide. 
The emulsion formulation was applied June 26 and samples collected 
for residue analysis 1, 9, 20, 34, and 65 days after application; the 
granular formulation was applied on June 29 and samples collected for 
residue analysis I, 6, 17, 31, and 62 days after application. The 
granular Thiodan was not applied on June 26 because of a light mist 
which prevented completion of the treatments. 
The sampling procedure was similar to that used in 1951 by Fahey 
et al. (1953). One 10-plant sample of corn was taken from each plot 
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on each sampling date. Consequently, for each treatment a total of 
four, 10-plant samples was collected on each sampling date. The samples 
were taken from the middle two rows of each plot. The first plant was 
taken about three paces into the plot. Succeeding plants were taken at 
three-pace intervals, alternating between the two middle rows of the 
plot. Particular care was observed to take the corn plant nearest the 
foot on the third pace to reduce the innate tendency to choose selectively 
a certain type of plant. Two, 10-plant samples of untreated corn also 
were taken on each sampling date. All plants were cut 1 to 2 inches 
above the ground. The plants from each plot were tied together, labeled, 
and transported to the USDA laboratory building on the Ankeny farm. 
Here the samples were chopped into 1 to 2 inch pieces with a small feed 
chopper^. Each chopped sample was mixed thoroughly in a large card­
board box and approximately one-half of the sample was transported to 
Ames for further processing. A set of samples was defined as all of 
the samples collected on any one sampling date. 
At Ames each sample was mixed again and either a 400-or 500-g. 
aliquot was placed in a wide-mouth, 1-gallon jar. Two ml. of extracting 
solvent were added per g. of plant material except for the last samples 
(collected Aug. 30) which were extracted with 2. 5 ml. of solvent per g. 
9 
Ohio Feed Cutter Model 8 1/2, K-2, The Silver Mfg. Co. , 
Salem, Ohio. 
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of plant material because the corn was partially dry and absorbed con­
siderable solvent. The samples collected 1 day after treatment and on 
July 5 were extracted with Skellysolve B*®; all other samples were 
extracted with 15% diethyl ether in Skellysolve B (V/V) (see Results 
and Discussion). All solvents used for extraction were glass-distilled. 
After adding the solvent, the jars were rolled mechanically for I hour 
to effect extraction. All samples were extracted within 3 hours after 
collection. The extract was poured into a graduated cylinder and the 
volume of extract recorded. All extracts were washed two times with 
about 75 ml. of double-distilled water to remove inorganic chlorides 
and were stored in glass bottles in the dark until the analyses were run. 
The double-distilled water used here and in all subsequent procedures 
was distilled once through a standard laboratory still and a second time 
through an all-glas s apparatus. 
Two composite samples of chopped corn (800 to 1200 g. each) from 
each sampling date were dried for a period of 1 week at about 140° F. 
in a forced-air drier at the Iowa State College Agronomy farm to deter­
mine the moisture in the samples. For comparison the results of all 
residue analyses were corrected to 90% water content (the water content 
of the first samples taken) in the corn plant samples. 
Petroleum ether, boiling range 60 to 70° C. , a product of the 
Skelly Oil Co. , Kansas City, Mo, 
Preliminary experiments were run on the solubility of Thiodan and 
Thiodan alcohol in various solvents and on the extraction of added known 
amounts of these materials from 400 g. samples of chopped, untreated 
corn plant samples. The solubility of technical Thiodan and Thiodan 
alcohol was determined by weighing the residue remaining after the 
solvent from 5 ml. of saturated solutions had evaporated. The possibility 
that Thiodan alcohol was a breakdown product of Thiodan prompted the 
inclusion of Thiodan alcohol in these experiments. Extraction experi­
ments were performed to determine the effectiveness of recovering 
added known amounts of Thiodan, added as technical Thiodan and as a 
granulated formulation of Thiodan, and Thiodan alcohol from fresh, 
chopped corn plants. In these preliminary experiments technical Thiodan 
and Thiodan alcohol were added as acetone solutions and the acetone 
evaporated with a stream of air before further processing. The samples 
were extracted with Skellysolve B or 15% diethyl ether in Skellysolve B. 
A study also was made of the recovery of added known amounts of the 
above chemicals from frozen, frozen plus anhydrous sodium sulfate 
(about 100 g. per sample), and thawed corn samples using the ether-
Skellysolve B mixture as the solvent. The sodium sulfate was added 
just before the samples were extracted in an attempt to remove the 
excess water from the surface of the chopped plants. The extraction 
procedure was identical to that previously described except that all 
samples were extracted with 2 ml. of solvent per g. of plant material. 
The fresh samples were extracted for a period of 1 hour and the frozen, 
frozen plus sodium sulfate, and thawed samples were extracted for 2 hour 
The three analytical procedures used for estimating Thiodan resi­
dues were: (1) titrimetric organic chlorine, (2) colorimetric sulfur 
dioxide evolution, and (3) house fly bioassay. The Thiodan residues 
were analyzed by three methods in an attempt to discover if Thiodan 
decomposed on corn plants and if so to characterize the decomposition 
product(s). The organic chlorine analyses would indicate if chlorine 
was present, the sulfur dioxide analyses would indicate if the sulfur 
atom on Thiodan was present, and the bioassay would indicate if the 
compound was toxic to house flies. All calculations were based on the 
assumption that Thiodan was the only compound analyzed. Duplicate 
organic chlorine analyses and single sulfur dioxide analyses and bio-
assays were run on each extract. Since all analyses of residues for 
any one plot on any given sampling date were run on the same extract, 
the results of the three analytical procedures were directly comparable 
with each other. 
The organic chlorine method of analyzing Thiodan was similar to 
that developed by Phillips and DeBenedictis (1954) as modified by 
Rusk**. This method depends on sodium reduction of the chlorinated 
**Rusk, H. W. 1957. Vincennes, Indiana. A modification of the 
sodium reduction technique for microdetermination of chlorine in organic 
insecticides applied to soil. Private communication. 
compound with metallic sodium, in i s op ropy 1 or isobutyl alcohol to liberate 
chloride; the chloride is titrated with a standard silver nitrate solution. 
The procedure for the organic chlorine method used in these studies 
was as follows. Three- to 100-ml. aliquots of the corn extracts were 
placed in 125 ml. Erlenmeyer flasks (equipped with standard taper 
24/40 outer ground glass joints) and evaporated nearly to dryness in a 
water bath (40 to 50° C. ) under a stream of air. Five ml. of isobutyl 
alcohol and 0. 5 g. of freshly cut metallic sodium were added to each 
flask and the flasks fitted with 10-inch long, air-reflux columns. The 
reflux columns were made of 8 mm. (O. D. ) glass tubing with a standard 
taper 24/40 inner ground glass joint at one end. The flasks were placed 
on an electric hot plate and the contents refluxed for 1 hour; a small fan 
circulated the air around the reflux columns to cool the glass and prevent 
evaporation of the isobutyl alcohol. The flasks were then removed from 
the hot plate and cooled slightly, 5 ml. of a 1:1 mixture of glass-distilled 
isopropyl alcohol and water added, and the flask contents refluxed about 
5 minutes more to remove any excess sodium. The flasks were cooled 
to room temperature, 3 ml. of glass-distilled acetone added, and the 
contents neutralized with about 2. 5 ml. of a 1:1 mixture of concentrated 
nitric acid and water (phenolphthalein was used as an indicator of 
neutrality). One ml. of the nitric acid mixture and 2 ml. of a 1% 
aqueous gelatin solution were added to each flask. The contents of the 
flasks were then transferred to 100 ml. beakers, the flasks were rinsed 
twice with 2. 5 ml. of 50% acetone in water, and the rinses added to the 
beakers. 
The chloride in the final solutions was titrated with a standardized 
silver nitrate solution using an amperometric titration assembly. This 
12 assembly consisted of a sensitive cur rent-measuring instrument , a 
rotating platinum electrode, and a saturated calomel electrode. The 
silver nitrate solution was standardized by titrating solutions containing 
15 ml. of the 50% acetone solution, 1 ml. of the nitric acid mixture, 2 
ml. of the 1% gelatin solution, and 1 ml. of a sodium chloride solution 
of a known chloride concentration; the final solutions contained 10, 25, 
50, or 100 jag. of chloride. The sodium chloride solutions were pre­
pared by dissolving a known weight of sodium chloride in a known 
volume of water and diluting this to the chloride concentration desired. 
Double-distilled water was used throughout this procedure. Standard 
curves were prepared by adding known amounts of Thiodan to volumes 
of control extract equivalent to the amounts of test extract used in the 
analyses. The control extract was added to compensate for any inter­
ference due to the plant extract. Blank determinations were made by 
the same procedure as described above except control extract only was 
used. 
*^Cat. no. S-29710, Electrometric Titration Instrument ("Ampot"), 
E. H. Sargent and Co. , Chicago, HI. 
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A colorimetric, sulfur dioxide evolution method of estimating 
Thiodan residues was developed by Jones*^. In this method the sulfur 
dioxide is evolved from Thiodan by acid hydrolysis using a method 
similar to that proposed by Watson (1956) for estimating residues of 
an organic sulfite-containing miticide known as Aramite. The evolved 
sulfur dioxide is determined by a modification of the methods of Paulus 
_et aj. (1954) and Urone and Boggs (1951). The absorbing solution con­
tains glycerol and sodium hydroxide; the action of acid-bleached, basic 
fuchsin-formaldehyde on the sulfur dioxide in this solution produces a 
purple color which is proportional (within limits) to the amount of sulfur 
dioxide present. The method used in the present study was essentially 
the method of Jones. 
Aliquots (10 'to 150 ml.) of the corn plant extracts were evaporated 
nearly to dryness in a water bath (40 to 50° C. ) with a stream of air. 
Fifteen ml. of glass-distilled benzene, 10 ml. of corn oil (Mazola*^), 
and 15 mi. of a hydrolyzing solution (304 g. of p-toluene sulfonic acid 
to I 1. of glass-distilled isopropyl alcohol) were added to the residue. 
This mixture was contained in a 100 ml. round-bottom flask equipped 
13 Jones, H. A. 1957. Baltimore, Maryland. Tentative method 
for the determination of residues of Thiodan in cottonseed. Private 
communication. 
*^A product of Com Products Refining Co. , Argo, Hi. 
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against a blank solution containing 3 ml. of fresh absorbing solution and 
2 ml. of color reagent. The color reagent used in the sulfur dioxide 
evolution method was as follows: 
Color reagent: 10 parts of solution I plus 1 part of solution II 
by volume. Mix well and use after 30 minutes. 
Solution I: 456 ml. of water plus 44 ml. of concentrated sulfuric 
acid. Mix and cool. Add 16 ml. of 3% basic 
fuchsin in absolute ethyl alcohol. Shake vigorously 
for a few minutes. Add 284 ml. of water and 2. 5 g. 
of Darco grade G-60 activated carbon, mix well, 
refrigerate overnight, and filter twice through 
Whatman No. 42 paper. 
Solution II: 5 ml. of 40% formaldehyde diluted to 100 ml. with 
water. 
A few blank determinations were made with control extract only. 
Standard curves were prepared using technical Thiodan and volumes of 
control extract equivalent to the amounts of test extract used. Since 3 
ml. was the maximum amount used of the 10 ml. of the absorbing solu­
tion containing the evolved sulfur dioxide, only 30% of the Thiodan in the 
original aliquot of extract could be determined. Extracts of the last two 
sets of samples collected were fortified with technical Thiodan because 
of the small amounts of Thiodan present. Analyses of these extracts 
were corrected for the additional Thiodan by subtraction. 
The house fly bioassay technique used for estimating Thiodan residues 
was essentially the same as that used by PfaeffLe (1958) for bioassay of 
Guthion residues on alfalfa. This method is based on the comparative 
mortality of house flies after a 24-hour exposure to known amounts of 
the toxicant (standard assay) and unknown amounts of the toxicant 
(test assay). For a bioassay to give a valid estimate of the concentra­
tion of the unknown preparation, the test and standard do sage- mortality 
curves must be linear and parallel (Bliss, 1957). In order to compen­
sate for interfering materials and to insure parallel test and standard 
curves, the same amount of interfering material (e. g. , plant extract) 
must be added to each dose level of both the standard and test assays. 
This precaution was taken in the bioassays reported here by adding the 
same total amount of corn plant extract (test extract, control extract, 
or a combination) to all dose levels of the test assays and the corres­
ponding standard assay. 
Preliminary tests were run to: (1) measure the extent of the 
masking effect of com plant extracts on the toxicity of Thiodan to 
female house flies, (2) determine the toxicity of Thiodan alcohol to 
female house flies, and (3) determine whether Thiodan alcohol had 
synergistic, antagonistic, or no effect on the toxicity of Thiodan to 
female house flies. The bioassay type test described below was used for 
these experiments. No plant extract was added to nos. 2 and 3 above. 
The house flies used in the bioassays were reared as previously 
described. Wide-mouth, one-quart Mason jars with screen tops were 
used as test chambers. Two-tenths of a mg. of com oil (Mazola*^) was 
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added to each jar to achieve an even distribution of the toxicant and to 
make the toxicant more easily picked up by the flies as they walked and 
rested on the inner surface of the jar. Each assay consisted of three 
dose levels chosen so that all three levels gave between 0 and 100% 
mortality. The three dose levels of technical Thiodan used for the stan­
dard assays ranged from 5 to 40 jig. of Thiodan per jar, depending on 
the amount of plant extract added. One-to 15-ml. aliquots of the extracts 
of the Thiodan-treated corn plants were used for the test assays. One 
standard assay was used for three to five test assays; the standard assay 
and the corresponding test assays were called a series. Each series 
contained one or more control jars containing control extract and corn 
oil but no test extract or Thiodan. In any one series, all of the flies 
used came from one holding cage and all jars contained the same total 
amount of corn plant extract. After adding the materials, the jars were 
rolled mechanically to distribute the toxicant on the inner walls of the 
jars as the solvent evaporated. 
Fifty, three-to five-day-ol d, female house flies were placed in 
each jar, first being anesthetized with carbon dioxide for sexing and 
counting. The female flies were differentiated from the male flies by 
observing the large, white abdomens and dichoptic eyes of the females 
as compared to the small, dark abdomens and holoptic eyes of the males. 
The flies were fed as previously described and held in the treated jars 
for 24 hours at 80^2° F. after which the number of dead and moribund 
flies was counted. The number of moribund flies was included with the 
dead flies in the statistical analysis of the bioassay data. Abbotts (1925) 
formula was used to correct for mortality of control flies. This formula 
was used very few times because mortality in the control jars was very 
uncommon. The bioassay data were analyzed by Berkson's minimum 
logit chi-square test (Berkson, 1953) to obtain jag. of Thiodan per ml. 
of test extract; this value was converted to parts per million (p. p.m. ). 
Berkson's method of analyzing bioassay data included a test for 
linearity of all assays and a test for parallelism between the test assays 
and standard assay of a series. 
Because of the small amounts of toxicant present in the extracts of 
the last three sets of samples collected, these extracts were fortified 
with technical Thiodan. When preparing a bioassay series with extracts 
which had to be fortified, the same three amounts of Thiodan were 
added to the test assay jars as were used for the standard assay. After 
the jag. of Thiodan per ml. of test extract plus added Thiodan were 
calculated, the added/ig. of Thiodan per ml. were subtracted, giving 
the actual /ig. of Thiodan per ml. of the test extract. 
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RESULTS AND DISCUSSION 
Chemical Experiments 
The purified Thiodan (formula II, page 10) was a white crystalline 
solid which melted at 93 to 95° C.15 The column chromatography experi­
ments resulted in the isolation of three materials, designated as Thiodan 
isomers A and B, and compound C; isomer A was eluted from the 
chromatographic column with carbon tetrachloride, isomer B with 
benzene, and compound C with absolute ethyl alcohol. The melting 
points of isomer A, isomer B, and compound C were 108 to 109°, 206 
to 208°, and 198 to 200° C. , respectively. The ratio of isomer A to 
isomer B in both the technical and purified Thiodan was about four to one. 
The amounts of compound C were quite small and varied considerably. 
By comparison of infrared spectra compound C was identified as Thiodan 
alcohol (formula I, page 10). Other experiments demonstrated that the 
aluminum oxide adsorbent converted Thiodan to Thiodan alcohol; this 
conversion was not rapid enough to interfere with the chromatographic 
separation of the Thiodan isomers in the aluminum oxide column. The 
melting points and infrared spectra of isomers A and B (Fig. I, Nos. 
2 and 3) compared very favorably with the authentic Thiodan isomers. 
Microchemical analyses of the two isomers, separated by column 
All melting points uncorrected. 
Fig. 1. Infrared spectra and melting points of Thiodan and 
related compounds. 
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chromatography, indicated the following percentages of carbon, hydrogen, 
and chlorine: isomer A, C - 26. 67, H - 1.42, and CI - 53. 16; isomer B, 
C - 26. 78, H - 1. 58, and CI - 52. 55 (calculated percentages, C - 26. 56, 
H - 1.49, and CI - 52. 28). Ebullioscopic molecular weight determina­
tions for the two isomers were 438 and 415, respectively (calculated 
molecular weight - 407); these values for the molecular weights would 
rule out the possibility of one isomer being the dimer of the other. 
Paper chromatographic analyses of both technical and purified 
Thiodan yielded two spots whose Rf values (0.41 and 0. 64) corresponded 
quite well to the R^ values of isomer A (0. 42) and isomer B (0. 64) (Table 
1). The Rf values of Thiodan alcohol (0. 85) and compound C (0. 85) were 
essentially identical (Table 1). Only one spot was found on chrcmato-
grams of Thiodan alcohol. 
Ultraviolet spectra of purified Thiodan, Thiodan isomers A and B, 
and Thiodan alcohol yielded nearly identical curves with a single peak of 
maximum absorption occurring between 212 and 214 mp. Infrared spectra 
of these four materials were distinctly different as shown in spectra No. 1 
through 4 in Fig. 1. 
The Thiodan syntheses are summarized in Table 2. As can be seen 
from the equation on page 10, equimolar quantities of Thiodan alcohol 
and thionyl chloride are required in this reaction. The data from 
melting point determinations, column and paper (Table 1) chromatography, 
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Table 1. Summary of paper chromatographic analyses of Thiodan and 
related compounds 
Material 
Rf values 
Meana Range 
Technical and purified Thiodan 0 ,  .41 & 0 .  . 39--0 ,  .44 
0. . 64 (10) 0. . 61--0 ,  . 67 
Thiodan isomer A 0 .  42 (6) 0 .  . 40--0 ,  .43 
Thiodan isomer B 0 .  . 64 (6) 0 .  . 62--0 .  . 65 
Products of Thiodan micro synthe s es: 
Thiodan 0 .  .42 & 0 .  ,42--0 .  , 42  
0 .  . 65 (2) 0 .  , 65--0 .  , 65 
Thiodan A' 0 .  ,42 & 0 .  38-•0 .  44 
0 .  64 (3) 0 .  61--0 .  67 
Thiodan B' 0 .  42 & 0 .  38--0 .  46 
0 .  65 (4) 0 .  61-•  2 .  68 
Thiodan alcohol 0. 85 (17) 0 .  82--0 .  86 
Compound C 0 .  85 (6) 0 .  82-•0 .  88  
Hydrolysis products of: 
Thiodan isomer A (A alcohol) 0 .  84 (2) 0 .  83-•0 .  85 
Thiodan isomer B (B alcohol) 0 .  83 (2) 0 .  83-0 .  84 
The number of determinations upon which the R^ values were 
based is given in parentheses. 
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Table 2. Summary of syntheses of Thiodan from Thiodan alcohol and 
thionyl chloride (SOCI2) 
Reactants Product 
Thiodan SOClg Benzene Yield Melting point3-
alcohol 
(mM. ) (mM.) (ml.) (%) (° C.) 
13.9 27.7 0 69b 90-92° 
1.4 2.8 3 78 92-93 
0.55 0. 57 3 54 91-93 
^Uncorrected. 
^Average of five syntheses. 
^Average range of five melting point determinations. 
and infrg.r,ed spectra all indicated the product obtained was Thiodan. 
Acid hydrolysis of Thiodan isomers A and B yielded an A alcohol, 
melting point 200 to 203° C. , and a B alcohol, melting point 196 to 
203° C. Paper chromatographic data (Table 1) and infrared spectra 
(Fig. 1, Nos. 4, 5, and 6) indicated that the hydrolysis products (A and 
B alcohols) were identical with each other and with the authentic Thiodan 
alcohol. The reactions of A alcohol and B alcohol with thionyl chloride 
yielded Thiodan A', melting point 94 to 96° C. , and Thiodan B', melting 
point 90 to 94° C. Paper chromatographic analysis data (Table 1) and 
infrared spectra (Fig. 1, Nos. 1, 7, and 8) showed that these compounds 
were identical with each other and with purified Thiodan. These 
experiments strongly indicated that Thiodan alcohol consisted of only one 
isomer. 
Theoretically, three stereoisomers of Thiodan alcohol may exist, 
the ci s exo (III, Fig. 2), ci s endo (IV), and the trans (V) isomers. 
Corresponding isomers of Thiodan could exist also. Since melting point 
data, paper chromatographic analyses, and infrared spectra indicate 
only one alcohol isomer, it appears as if the reaction of the alcohol with 
thionyl chloride causes some rearrangement which produces two stereo­
isomers of Thiodan. However, when thionyl chloride is refluxed with 
either of the two Thiodan isomers (A or B), only the original isomer is 
recovered. This indicates that thionyl chloride does not cause a 
rearrangement of the Thiodan molecule. It tentatively can be concluded 
that during the reaction of thionyl chloride with Thiodan alcohol a 
rearrangement occurs to form two stereoisomers of Thiodan. 
Biological Experiments 
Dosage-mortality curves for technical and purified Thiodan, Thiodan 
isomers A and B, and_p,_p'-DDT topically applied to non-resistant female 
house flies are shown in Fig. 3. These experiments show that under the 
experimental conditions used Thiodan and its two isomers are slightly 
more toxic to female house flies than DDT and that isomer A is more 
toxic than either technical or purified Thiodan or isomer B. The 
Fig. 2. Theoretical ci s exo, ci s endo, and trans isomers of 
Thiodan alcohol. 
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Fig. 3. Dosage-mortality curves showing the toxicity of topically 
applied technical Thiodan, purified Thiodan, Thiodan 
isomers A and B, and p,p'-DDT to female house flies. 
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estimated JLDgQ values (dose of toxicant required to kill 50% of the test 
organisms) are: Thiodan isomer A - 0. 14 (6. 2), technical and purified 
Thiodan - 0. 15 (6. 7), Thiodan isomer B - 0. 19 (8. 5), and DDT - 0. 21 
(9. 4) jag. per fly (equivalent values in terms of jug. per g. of fly body 
weight, in parentheses). 
The acute, oral LD^q of purified Thiodan to male white rats was 
between 40 and 50 mg. per kg. of rat body weight. The ratios of rats 
that died to rats treated (in parentheses) for various do.ses were as 
follows: 40 mg. of Thiodan per kg. of rat body weight (0/4), 50 mg. per 
kg. (5/8), 60 mg. per kg. (4/4), and 70 mg. per kg. (3/3). Death 
occurred from 1 to 24 hours after treatment and was preceded by violent 
convulsions. One rat was dosed with 1370 mg. of Thiodan alcohol per 
kg. in a com oil suspension and survived. This indicated that Thiodan 
alcohol was considerably less toxic to rats than Thiodan. 
Carbon tetrachloride and diethyl ether extracts of urine and feces 
from treated and untreated rats were subjected to paper chromatographic 
analyses. There were no indications that either of the Thiodan isomers 
or Thiodan alcohol were present in these extracts. However, insuffi­
cient work was done definitely to state that these compounds were not 
excreted in the urine or feces of the treated rats. 
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Residue Dissipation Experiments 
La order to insure accurate results in the Thiodan residue studies, 
it was necessary to find an extraction solvent which would remove most 
of the Thiodan from the chopped corn samples. The solubility of techni­
cal grade Thiodan and Thiodan alcohol in various solvents is shown in 
Table 3. Thiodan alcohol was not extremely soluble in any of the solvents 
tried but was most soluble in diethyl ether (25.4 mg. per ml. ). However, 
because of the large amount of colored plant material this solvent removed 
and because of its low boiling point, diethyl ether was not used as the 
extraction solvent. 
The mean recoveries of added known amounts of Thiodan, as techni­
cal Thiodan and as a granulated formulation of Thiodan, and Thiodan 
alcohol from fresh, chopped corn samples, using Skellysolve B or 15% 
diethyl ether in Skelly solve B as the extraction solvent, are shown in 
Table 4. Also shown are the mean recoveries of these materials from 
frozen, frozen plus anhydrous sodium sulfate, and thawed samples using 
the diethyl ether-Skellysolve B mixture as the extraction solvent. Three 
to seven organic chlorine analyses were run on each extract to estimate 
the per cent recoveries. Skelly solve B is not a good solvent for extracting 
Thiodan alcohol or Thiodan added as a granulated formulation. The 
data in Table 4 definitely indicate that the diethyl ether-Skellysolve B 
mixture extracted more of the added Thiodan and Thiodan alcohol from 
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Table 3. Solubility of technical Thiodan and Thiodan alcohol in various 
solvents3-
Solvent Thiodan 
(mg. /ml. ) 
Thiodan alcohol 
(mg. /ml. ) 
Acetonitrile - 12. 7 
Benzene - 2. 2 
Carbon tetrachloride 
-
0. 7 
Diethyl ether 524 25.4 
Methyl chloroform - 0.9 
Nitromethane - 3.9 
Skellysolve B 45 0.0b 
5% benzene in Skellysolve B (V/V) - 0. 1 
5% diethyl ether in Skellysolve B (V/V) - 0. 5 
aDetermined at 20 to 22° C. 
^Determined as 0.027 mg. /ml. by H. A. Jones. 1957. Balti­
more, Maryland. Information on the solubility of Thiodan alcohol. 
Private communication. 
fresh corn samples than from frozen, frozen plus sodium sulfate, or 
thawed samples. The lesser recoveries of Thiodan and Thiodan alcohol 
from the frozen and thawed samples probably were due to the presence 
of water on the outer surface of the plant parts. This water came from 
inside the plant cells, which had ruptured upon being frozen, and 
probably prevented the solvent from coming into intimate contact with 
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Table 4. Mean per cent recoveries of added known amounts of Thiodan, 
as technical Thiodan and as a granulated formulation of 
Thiodan, and Thiodan alcohol from fresh, frozen, frozen 
plus anhydrous sodium sulfate, and thawed corn samples 
extracted with either Skellysolve B or 15% diethyl ether in 
Skellysolve B. A ratio of 2 ml. of solvent per g. of plant 
material was used. The fresh samples were extracted for 1 
hour and all others for 2 hours. Three to seven organic 
chlorine analyses per extract were used to estimate per cent 
recoveries. 
Extraction Material added 
solvent Technical* 5% Thiodanb Thiodanc 
Thiodan granulated alcohol 
f o rmulation 
Mean recovery 
% % . % 
Fresh Skellysolve B 91 (l)d 26 (2)d 47 (1) 
Fresh DE-Ske 96 (1) 105 (2) 94 (2) 
Frozen DE-Sk 80 (1) 86  (2) 92  (2) 
Frozen+Na2SÛ4 DE-Sk 93 (1) 62 (4) 85 (2) 
Thawed Skellysolve B 67 (1) 
- -
Thawed DE-Sk 73 (1) 86 (2) 92 (2) 
a20 to 50 p.p.m. of technical Thiodan added in an acetone solution. 
b5 to 15 p.p.m. of Thiodan added as a 5% Thiodan granulated 
fo rmulation. 
c10 to 40 p.p. m. of Thiodan alcohol added in an acetone solution. 
^Number of samples extracted in parentheses. 
eDE-Sk = 15% diethyl ether in Skellysolve B. 
Condition of 
corn when 
extracted 
41 
the surface of the chopped plant parts, thus preventing more complete 
extraction of the added materials. The outer surface of the fresh plant 
samples was nearly dry. The reason for the poor recoveries of Thiodan 
and Thiodan alcohol from the frozen plus sodium sulfate samples is not 
known. 
The fact that Skellysolve B was a poor extraction solvent for 
granular Thiodan and Thiodan alcohol was not discovered until after the 
first two sets of samples (collected one day after treatment and on July 5) 
had been extracted with Skellysolve B. All subsequent samples were 
extracted with 15% diethyl ether in Skellysolve B. 
Preliminary trials demonstrated that all of the chlorine atoms on 
the Thiodan and Thiodan alcohol molecules could be removed by the 
organic chlorine method of analysis. A standard curve for the estima­
tion of Thiodan by the organic chlorine method is presented in Fig. 4. 
By adjusting the volume of extract analyzed, the amount of Thiodan deter­
mined in any one aliquot was maintained between 35 and 140 jag. The 
standard curve for the colorimetric sulfur dioxide evolution method of 
estimating Thiodan residues (Fig. 5) was linear for sulfur dioxide evolved 
from 20 to 60 jug. of Thiodan per 5 ml. of final colored solution; outside 
of these limits the curve was not linear. This observation was also 
13 
noted by Jones " For this reason care was taken to have the sulfur 
dioxide in the final colored solution equivalent to 20 to 60 ^ ig. of 
Fig. 4. A standard curve for estimating Thiodan residues by the 
titrimetric organic chlorine method; based on the method 
of Phillips and DeBenedictis (1954) as modified by Rusk'1". 
"TELusk, H. W. 1957. Vincennes, Indiana. A modification 
of the sodium reduction technique for microdetermination of 
chlorine in organic insecticides applied to soil. Private 
communication. 
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* Jones, H. A. 1957. Baltimore, Maryland. Tentative 
method for the determination of residues of Thiodan in cotton­
seed. Private communication. 
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Thiodan. 
The masking effect of plant extracts must be accounted for in 
bioassay tests of the type reported here. An example of the masking 
effect of untreated, control corn plant extract on the toxicity of Thiodan 
to female house flies in bioassay tests is shown in Table 5. The extract 
used in this test was obtained by extracting chopped corn samples for I 
hour with 2 ml. of 15% diethyl ether in Skellysolve B per g. of plant 
material. 
Thiodan alcohol was found to be relatively non-toxic to female 
house flies; dosages of 10, 50, 100, and 200 jug. of Thiodan alcohol per 
jar resulted in 24-hour mortalities of 0, 0, 0, and 12%, respectively, 
of the 50 test flies per jar. Thiodan alcohol was found to have no 
significant effect on the toxicity of Thiodan to female house flies in 
bioassay tests. 
The dissipation of Thiodan residues on corn treated with the water 
emulsion formulation of the insecticide is shown in Fig. 6 and Table 6. 
The results of the individual analyses are shown in Table 7 in the 
Appendix. The organic chlorine method of analyses showed residues 
of 91- 1, 5. 2, 2. 2, 1. 3, and 2. 7 p.p.m. of Thiodan on samples collected 
1, 9, 20, 34, and 65 days after treatment, respectively. Although the 
results of the organic chlorine analyses were reported in terms of 
Thiodan it was not possible to determine whether Thiodan was the only 
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Table 5. Masking effect of untreated, control plant extract on the 
toxicity of Thiodan to female house flies. The results 
are given as per cent mortality a 
T echnical 
Thiodan 
frig, /jar) 
Plant extract (ml. /jar) 
0 5 10 20 
% 
Mortality (after 
% 
24 hrs. 
% 
exposure) 
% 
10 52 44 8 -
20 98 78 70 54 
30 100 98 84 20( ?) 
40 
- 98 100 94 
50 - - - 98 
aThe estimated LD5Q values with 0, 5, 10, and 20 ml. of 
extract per jar were 9> 12, 16, and 19 of Thiodan per jar, 
respectively. 
compound analyzed by this method. It is not known why there was an 
increase in residue on the 65-day samples over the 34-day samples. 
The sulfur dioxide analyses gave Thiodan residues of 103. 9, 4. I, 0. 7, 
0. 3, and 0.0 p. p. m. on samples collected 1, 9, 20, 34, and 65 days 
after treatment, respectively, and the bioassays gave residues of 109. 6, 
5.4, 1. 9, 0. 0, and 0. 1 p. p. m. for the same sampling intervals. 
Inspection of these data show that the results of the three analytical 
procedures did not agree too well with each other on any of the sampling 
dates. However, on the last two sampling dates (34 and 65 days after 
Fig. 6. Dissipation of Thiodan residues on corn treated with a 
water emulsion at the rate of 1. 5 lbs. of Thiodan per 
acre; the residues were estimated by three analytical 
methods: organic chlorine, sulfur dioxide evolution, 
and house fly bioassay. Note change in scale of 
ordinate. 
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Table 6. Summary of dissipation of Thiodan residues, with standard deviations, on corn treated 
with a water emulsion (1. 5 lbs. of Thiodan per acre) and a 5% granulated formulation (1. 0 
lb. of Thiodan per acre). Residues were estimated by three analytical methods: organic 
chlorine, sulfur dioxide evolution, and house fly bioassay 
Emulsion Granular 
Date 
sample 
taken 
Days 
after 
treatment 
Organic^ 
chlorine 
(p.p. m. ) 
Sulfur 
dioxide 
(p. p. m. ) 
Bioassayb 
(p. P- m. ) 
Days 
after 
treatment 
Organic3-
chlorine 
(p. p. m. ) 
Sulfur 
dioxide 
(p. p. m. ) 
Bioassayb 
(p. p. m. ) 
June 27 1 91. 1+15. 7 103. 9+12. 5 109. 6+33. 2 - - - -
June 30 - - - - 1 8. 7+^2. 7 9. 1 + 2. 9 8. 8+3. 6 
July 5 9 5. 2+0. 8 4. 1+0. 5 5.4+0.9 6 4.3+0.5 4. 4_+0. 2 3. 9+1. 3 
July 16 20 2. 2+0. 5 0. 7+0. 2 1. 9+1. 0C 17 2.5+0.4 1. 5+0.6 1.5tl. 8C 
July 30 34 1.3+0.2 0. 3+0. 3 d 0. 0+0. 3 C 31 2. 2 + 0.2 0. 2+0. 2d o
 
I?
 
•—
< 
o
 o
 
Aug. 30 65 2. 7+O. 6 0. 0+0. 2d 0.1+0.6C 62 1.8+0.5 0. 1+0. 2d 0. 5+0.4° 
aEach figure represents the average of eight analyses; i. e. , two analyses per plot per sampling 
date. 
^Each figure represents the average of four analyses; i. e. , one analysis per plot per sampling 
date. 
^Extracts were fortified with 4 jug. of technical Thiodan per ml. of extract; these analyses were 
corrected by subtraction. 
^Extracts were fortified with 2^ig. of technical Thiodan per ml. of extract; these analyses were 
corrected by subtraction. 
treatment) the sulfur dioxide analyses and hioassays showed consistently 
lower Thiodan residues than did the organic chlorine analyses. 
The dissipation of the Thiodan residues on corn treated with the 5% 
Thiodan granulated formulation is shown in Fig. 7 and Table 6. The 
individual analyses are shown in Table 8 in the Appendix. The organic 
chlorine analyses showed Thiodan residues of 8. 7, 4. 3, 2. 5, 2. 2, and 
1.8 p.p.m. on samples collected 1, 6, 17, 31, and 62 days after treat­
ment, respectively; the sulfur dioxide analyses showed Thiodan residues 
of 9. 1, 4.4, 1. 5, 0. 2, and 0. 1 p.p. m. , and the bioassays showed Thiodan 
residues of 8. 8, 3. 9, 1. 5, 0. 0, and 0. 5 p.p.m. for the same sampling 
intervals as those indicated for the organic chlorine analyses. The 
three analytical procedures agreed quite well with each other on the 
first two sets of samples (collected I and 6 days after treatment). In 
the case of the last three sets of samples (collected 17, 31, and 62 days 
after treatment) the organic, chlorine analyses consistently showed more 
Thiodan in the extracts than did the other two methods. These results 
were similar to those obtained from samples of Thiodan emulsion treated 
corn. 
The sulfur dioxide evolution analyses and bioassays of some of the 
extracts which were fortified with technical Thiodan showed negative 
residues (Tables 7 and 8 in the Appendix). When the actual residue is 
close to zero, small negative values are not incompatible with slight 
Fig. 7. Dissipation of Thiodan residues on com treated with a 
5% Thiodan granulated formulation at the rate of 1.0 lb. 
of Thiodan per acre; the residues were estimated by-
three methods: organic chlorine, sulfur dioxide evolution, 
and house fly bioassay. 
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variations in analytical techniques and, in the case of bioassays, slight 
variations in the test organisms. If the average residue value was 
negative for one analytical method on any one sampling date, then a 
residue of 0. 0 p. p.m. was reported in Table 6. 
A comparison of the dissipation of Thiodan residues on corn plants 
treated with the two formulations can be made from the data in Table 6. 
The initial residues on corn treated with the emulsion were much higher 
than on the corn treated with the granules. This seems to be an advanta­
geous characteristic of granulated over emulsion formulations of insecti­
cides used for the control of the European corn borer (Cox et al., 1956a). 
The lower Thiodan residues resulting from application of the granulated 
formulation to corn could also be due partly to the two-thirds lower 
application rate of Thiodan (i.e., 1.0 lb. of Thiodan per acre in the 
granulated formulation application versus 1. 5 lbs. of Thiodan per acre 
in the emulsion application), variations in application equipment, and the 
difficulty in recovering Thiodan with Skellysolve B when a Thiodan 
granular formulation was added to control, untreated corn samples 
(see data in Table 4). 
Except for the one-day samples, only slight differences were found 
in the amounts of Thiodan residues on corn treated with the two formula­
tions. Even though the initial Thiodan residues following application of 
the water emulsion formulation were higher than those following 
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application of the granulated formulation, the terminal Thiodan residues 
from the latter type of application persisted on the corn plants as long or 
longer than did the residues resulting from the emulsion application. 
This is particularly significant since the emulsion treatment was applied 
at 1.5 times the rate of the granular treatment. 
The persistence of the Thiodan residues on corn plants treated with 
the granulated formulation probably can be explained by the fact that the 
granules rolled into the whorls and leaf sheaths of the corn plants; here 
the Thiodan was protected from the direct action of the sun, wind, and 
rain. On the other hand, the Thiodan residues from the emulsion treat­
ment were located mostly on the corn leaves where the sun, wind, and 
rain could decompose and remove the toxicant. The assumptions on the 
location of Thiodan on the corn plants are based on work by Fahey et al. 
(1956) with DDT emulsions and granules. The daily maximum and 
minimum temperatures and precipitation during the Thiodan residue 
study are shown in Table 9 in the Appendix. 
The organic chlorine method of analysis is not specific for Thiodan 
because any organic chlorine-containing insecticide will give a positive 
test. The sulfur dioxide evolution method is probably more specific 
than the organic chlorine method for the intact Thiodan molecule since 
the sulfur dioxide method depends on the sulfur atom for a positive test. 
The sulfur atom in Thiodan is easily removed by hydrolysis. Thiodan 
and Thiodan alcohol, a possible breakdown product of Thiodan, can be 
differentiated by the positive response of Thiodan to the sulfur dioxide 
evolution method of analysis. The house fly bioassay method estimates 
the total toxicity of the compounds in the plant extracts and can differen­
tiate between Thiodan and Thiodan alcohol since small amounts of the 
latter compound are not toxic to house flies. 
The consistently higher residue values obtained with the organic 
chlorine method of analysis (compared with the sulfur dioxide evolution 
analyses and bioassays) of extracts of the last two sampling dates (31-34 
and 62-65 days after treatment, Table 6), suggested that all of the resi­
dues analyzed by the organic chlorine method were not Thiodan but 
included a compound which contained chlorine, was non-toxic to house 
flies in small amounts, and probably did not contain sulfur. 
The type of residue dissipation study presented here is very impor­
tant in establishing residue tolerances for insecticides in and on raw 
agricultural crops. Since corn plants are often fed to dairy cows as 
silage or stover, it is necessary to know if the cows are ingesting 
insecticidal-residue contaminated com. The results of the Thiodan 
residue study indicate that some Thiodan residues remain on com plants 
(treated with Thiodan for first brood European com borer control) for a 
period of about 9 weeks. This study also indicates that an unidentified 
compound, related to Thiodan, is present on the corn plants for a longer 
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period of time. Further studies are needed to determine if Thiodan 
its metabolites are secreted in the milk of dairy cows when Thiodan 
residues are ingested by the animals. After this information is 
obtained, a safe residue tolerance of Thiodan on field corn may be 
established. 
It is of interest to note that during the residue dissipation study 
reported here a total of about 800 individual analyses (including 
preliminary tests and standards) were run. 
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SUMMARY 
Thiodan, an experimental, heterocyclic, sulfur -containing, cyclo-
diene insecticide, was the subject of chemical, biological, and residue 
dissipation experiments. These experiments were designed to secure 
information relative to the development of Thiodan into a safe, useful 
insecticide. 
Thiodan is apparently a mixture of two isomers; these isomers were 
separated by column and paper chromatography. Ultraviolet and infra­
red spectra were obtained of Thiodan, its two isomers, and Thiodan 
alcohol. The final step in the synthesis of Thiodan, involving the reaction 
of Thiodan alcohol and thionyl chloride in millimole quantities, was 
carried out successfully. Although Thiodan consisted of two isomers, 
experimental evidence indicated only one isomer of Thiodan alcohol. 
The toxicity of Thiodan to insects was evaluated using female house 
flies of a non-resistant strain; the estimated LDgg values were: Thiodan -
0. 15, Thiodan isomer A - 0. 14, Thiodan isomer B - 0. 19, and DDT -
0. 21 ;u.g. per fly. The acute, oral LD^q of purified, technical grade 
Thiodan to male white rats was between 40 and 50 mg. per kg. of rat 
body weight. 
A study was made of the dissipation of Thiodan residues on com 
because Thiodan has shown promise in controlling the European com 
borer and if Thiodan is to be used for this purpose, residue data are 
necessary before Thiodan can be used safely. The corn was treated with 
a water emulsion formulation of Thiodan at a rate of 1.5 lbs. of Thiodan 
per acre and a 5% Thiodan granulated formulation at a rate of 1.0 lb. of 
Thiodan per acre. Five sets of samples were collected during a 65-day 
period after the corn was treated. These samples were chopped, the 
Thiodan residues extracted with solvents, and the resulting extracts 
analyzed for Thiodan by three methods: titrimetric organic chlorine; 
colorimetric, sulfur dioxide evolution; and house fly bioassay. The initial 
residues on the emulsion-treated corn were much higher than the initial 
residues on the granular-treated corn. However, from about 1 week after 
treatment until the experiment was terminated, there were no appreciable 
differences in the Thiodan residues between the two treatments. On the 
last two sampling dates (31-34 and 62-65 days after treatment), the 
organic chlorine analyses showed considerably higher residue values than 
the values obtained by the sulfur dioxide evolution analyses and bioassays. 
This difference in residue data indicated that all of the residues analyzed 
by the organic chlorine method was not Thiodan but included a compound 
which contained chlorine, was non-toxic to house flies in small amounts, 
and probably did not contain sulfur. On the last sampling date (62-65 
days after application) the corn plants treated with the Thiodan water 
emulsion formulation had less residue, as measured by the siilfur dioxide 
evolution analyses and bioassays, than did the corn treated with the 
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granulated formulation. 
From a public health viewpoint, it is important to know the chemical 
and physical properties of an insecticide, its toxicity, its residue 
dissipation characteristics, and analytical methods suitable for esti­
mating very small amounts of the insecticide. All of these topics have 
been explored, in the work reported here. 
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Table 7. Individual analyses of extracts of corn plants treated with 
a Thiodan water emulsion at the rate of 1.5 lbs. of Thiodan 
per acre. The residues were estimated by organic chlorine, 
sulfur dioxide evolution, and bioassay methods. 
Method of analysis 
Extract3- Days Organic Sulfur Bioassay 
after chlorine dioxide 
treatment (p. p. , m. ) (p. p. m. ) (p. P- m. ) 
I; June 27 1 73. 6; 76.4 92.4 65. 5 
2 114. 6; 112.0 111. 4 115. 8 
3 82. 0; 81.4 94. 0 145. 8 
4 94.0; 95.4 117. 6 112. 2 
1; July 5 9 6. 1; 6. 0 4.9 4. 1 
2 5. 6; 5. 9 3.9 5. 9 
3 4.6; 4. 0 3. 7 5.4 
4 4. 6; 4. 6 3. 8 6. 0 
1; July 16 20 1. 6; 1. 7 0. 7 1. 2b 
2 3. 0; 3. 1 0.4 2. 2b 
3 2. 0; 2. 0 0. 7 1. 2b 
4 1.9; 2. 0 0. 8 3.0b 
1; July 30 34 0.9; 1.5 0. 5C 0. lb 
2 1.4; 1. 6 0.6= -0.4b 
3 1. 2; 1. 2 0. 2C -0. 2b 
4 1.4; 1. 3 o
 
o
 
o
 
-0. 7b 
1; Aug. 30 65 3. 6; 3. 5 -0. 2C 
°-
3b 
2 2. 1; 2.4 -0.4° 0. 5 
3 2.9; 2. 6 0. 1 C 0. 3^ 
4 2. 3; 2.4 
u
 M
 
o
 1 -0. 8 
aRefers to the plot number and date sample was collected. 
^Extracts were fortified with 4 jig. of technical Thiodan per ml. 
of extract; these analyses were corrected for the added Thiodan by 
subtraction. 
cExtracts were fortified with 2 jig. of technical Thiodan per ml. 
of extract; these analyses were corrected for the added Thiodan by 
subtraction. 
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Table 8. Individual analyses of extracts of corn plants treated with a 
granulated Thiodan formulation at the rate of 1.0 lb. of 
Thiodan per acre. The residues were estimated by organic 
chlorine, sulfur dioxide evolution, and bioassay methods. 
Method of analysis 
Extract3- Days Organic Sulfur Bioassay 
after chlorine dioxide 
treatment {p.p.: (p. p. Hi. ) (p. p. m. ) 
1; June 30 1 8. 7; 8.9 9. 3 10. 5 
2 5. 7; 6. 6 6.4 5. 5 
3 7. 2; 7. 3 7. 7 6. 2 
4 12. 4;13. 0 13. 1 13. 0 
1; July 5 6 4. 6; 4. 3 4.4 5. I 
2 3.4; 3. 7 4. 1 2. 6 
3 4. 3; 4. 5 4.6 2.9 
4 4. 6; 4. 6 4.4 4. 8 
1 ; July 16 17 3. 2; 3. 1 2. 0 3. 5b 
2 2. 1; 2. 3 0. 8 0.0b 
3 2. 5; 2.7 1. 2 0. 9b 
4 2. 2; 2. 1 1.9 1. 7b 
I; July 30 31 1. 8; 2.1 
u
 
o
 
o
 -0. 8b 
2 2. 2; 2. 1 0.4° 
-1. 5b 
3 2. 4; 2. 2 0. 0C 0. 5b 
4 2. 2; 2. 3 0. 3C 0.6b 
1; Aug. 30 62 ' 1. 3; 1. 8 -0. 2C 1. ob 
2 1. 2; 1. 8 0. Ie 0. 2b 
3 2. 1; 1. 3 0.4e 0. 3b 
4 2. 2; 2. 7 0. 2e 0. 6b 
aRefers to the plot number and date sample collected. 
^Extracts were fortified with 4 p.g. of technical Thiodan per ml. 
of extract; these analyses were corrected for the added Thiodan by 
subtraction. 
cExtracts were fortified with 2 jig. of technical Thiodan per ml. 
of extract; these analyses were corrected for the added Thiodan by 
subtraction. 
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Weather data during the time of the Thiodan dissipation 
experiments. 
Temp. ,°F. Rainfall Date Temp. ,°F. Rainfall 
max. min. (inches) max. icin. (inches) 
76 60 Aug. 1 96 72 
67 56 0. 27 2 92 73 
79 58 0. 32 3 82 56 
84 63 4 76 54 
89 61 5 78 48 
82 67 6 82 51 
88 63 7 85 59 
82 67 0. 02 8 90 62 
78 64 0. 28 9 93 71 
86 59 10 82 68 
93 67 11 90 70 
97 71 12 93 71 
86 62 13 94 71 0. 12 
88 60 14 89 67 
90 62 15 91 69 
95 66 16 72 61 0. 03 
101 78 17 83 58 
84 72 18 81 63 
86 68 0. 03 19 82 55 
88 72 20 81 57 0. 36 
98 70 21 80 60 
99 70 22 82 61 
99 73 23 78 67 0. 01 
94 74 24 78 55 
93 73 25 84 51 
92 70 0.42 26 86 68 0. 04 
83 67 27 66 61 1. 51 
82 64 28 80 65 0. 70 
81 56 29 79 65 T 
85 57 30 88 71 
91 67 
80 69 0. 10 
90 72 0. 65 
88 73 
93 68 0. 10 
94 70 
